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(54) Devices for detecting heating under a patient return electrode 



(57) The present disclosure is an apparatus for pre- 
dicting the temperature at a return electrode in a monop- 
olar electrosurgical system. The apparatus includes a 
detecting apparatus adapted to connect to a power 
source having an analog circuit configured to sense a 
change in an element wherein the element is selected 



from a group consisting of current, voltage, impedance 
or temperature, and any combination thereof. A compa- 
rator is included which is configured to compare the 
change in one of the above elements to a threshold value. 
The detecting apparatus predicts skin temperature of the 
patient at the return electrode of a monopolar electrosur- 
gical system without contacting the patient. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION: 

[0001] The present application claims the benefit of 
priority to U.S. Provisional Application Serial No. 
60/616,970 filed on October 8, 2004 by Jeffery L. Egg- 
leston, the entire contents of which being incorporated 
by reference herein. 

BACKGROUND 

1. Technical Field 

[0002] The present disclosure relates to safety devices 
and methods during electrosurgery, and more particular- 
ly the present disclosure relates to devices for detecting, 
determining and/or approximating the probability of pa- 
tient burn under a return electrode in a monopolar elec- 
trosurgical system. 

2. Background of Related Art 

[0003] During electrosurgery, a source or active elec- 
trode delivers a first electrical potential, such as radio 
frequency energy, to an operative site and a return elec- 
trode carries a second electrical potential back to the 
electrosurgical generator. In monopolar electrosurgery, 
the source electrode is typically the hand-held instrument 
placed by the surgeon at the surgical site. By varying the 
energy and current density, this electrode will create a 
desired surgical effect, e.g., cutting, coagulating or ab- 
lating tissue. A patient return electrode is typically placed 
at a remote location from the source electrode and is 
typically in the form of a pad adhesively adhered to the 
patient's skin. 

[0004] The return electrode has a large patient contact 
surface area to minimize heating at the contact surface. 
Smaller surface areas tend to have greater current den- 
sities and greater heat intensity. A larger surface contact 
area is desirable to reduce heat intensity. Return elec- 
trodes are sized based on assumptions of the maximum 
anticipated current during a particular surgery and the 
duty cycle (the percentage of time the generator is on) 
during the procedure. The first types of return electrodes 
were in the form of large metal plates covered with con- 
ductive jelly. Later, adhesive electrodes were developed 
with a single metal foil covered with conductive jelly or 
conductive adhesive. However, one problem with these 
adhesive electrodes was that if a portion peeled from the 
patient, the contact area of the electrode with the patient 
decreased, thereby increasing the current density at the 
adhered portion and, in turn, increasing the heat to the 
tissue. 

[0005] To address this problem, split return electrodes 
and hardware circuits, generically called "Return Elec- 
trode Contact Quality Monitors" (RECQMs), were devel- 
oped. These split electrodes consist of two separate con- 



ductive foils. The hardware circuit uses an AC signal be- 
tween the two electrode halves to measure the imped- 
ance therebetween. The impedance measurement is in- 
dicative of how well the return electrode is adhered to 

5 the patient, i.e., the impedance between the two halves 
is directly related to the area of patient contact. If during 
surgery, an electrode begins to peel from the patient, the 
impedance would increase due to the decrease in the 
contact area of the electrode. Current RECQMs are de- 

10 signed to sense this change in impedance so that when 
a percentage increase in impedance exceeds a prede- 
termined value or the measured impedance exceeds a 
threshold level, the electrosurgical generator is shut 
down to reduce the chances of overheating at the return 

15 electrode site. 

[0006] Although monitoring circuits in present use are 
effective, they do not take into account the amount of 
time the current is being delivered. As new surgical pro- 
cedures continue to be developed that utilize higher cur- 

20 rent and higher duty cycles, increased heating of tissue 
under the return electrode will occur. It would therefore 
be advantageous to design a monitoring circuit which 
would also factor in the amount of time the current is 
being delivered in determining a probability that a patient 

25 may ultimately bum. Based on this probability determi- 
nation, an alarm signal can be generated or energy sup- 
plied from the generator can be discontinued. 
[0007] U.S. Patent 6,258,085, the entire contents of 
which are incorporated herein by reference, discloses a 

30 method and system to precisely measure the current 
flowing in a monopolar electrosurgical circuit and calcu- 
late the heat deposited under a patient return electrode. 
The calculated value of heat deposited under the patient 
return electrode along with a calculated cooling factor 

35 enables monitoring and/or tracking of potential occur- 
rences of burning that may take place under the return 
electrode. 

[0008] Unfortunately, older systems and/or generators 
already in the field may not be equipped and/or capable 

40 of performing such monitoring. 

[0009] Accordingly, the need exists for a device which 
can detect and/or predict heating under a patient return 
electrode. More particularly, the need exists for a device 
which can be operatively coupled to existing and/or older 

4 $ generators to thereby provide the existing and/or older 
generators with the ability to monitor potential occurrenc- 
es of burning that may take place under the return elec- 
trode. 

50 SUMMARY 

[001 0] The present disclosure relates to safety devices 
and methods for use during electrosurgery, and more 
particularly the present disclosure relates to devices for 
55 detecting, determining and/or approximating the proba- 
bility of patient burn under a return electrode in a monop- 
olar electrosurgical system. 

[0011] More specifically, one embodiment of the 
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present disclosure includes an apparatus for predicting 
the temperature at a return electrode in a monopolar elec- 
trosurgical system. The apparatus includes a detecting 
apparatus adapted to connect to a power source which, 
in turn, includes an analog circuit configured to sense a 
change in an element wherein the element is selected 
from a group consisting of current, voltage, impedance 
or temperature, and any combination thereof. A compa- 
rator is included which is configured to compare the 
change in one of the above elements to a threshold value. 
The detecting apparatus is configured to predict skin tem- 
perature of the patient at the return electrode of the mo- 
nopolar electrosurgical system without contacting the pa- 
tient. 

[0012] In one embodiment, the apparatus is operative- 
ly coupled between the return electrode and the electro- 
surgical generator. The power source typically includes 
a portable power supply and is adapted to operatively 
couple to an existing monopolar electrosurgical system. 
[001 3] The detecting apparatus may be configured to 
include a mechanism designed to produce an advisory 
signal or warning signal to the user if a certain condition 
is met or determined or priorto meeting a threshold value. 
For example, the advisory signal is generated prior to 
conditions which may cause patient burn when the tem- 
perature under the return pad is predicted to exceed 
about a 4 degree temperature rise. 
[0014] In another embodiment, the detecting appara- 
tus includes a heat generating resistor and a temperature 
sensor. The heat generating resistor and the temperature 
sensor are in thermal communication and the heating 
and cooling properties of the apparatus are proportional 
to the heating and cooling properties of patient skin at 
the return electrode. Patient skin temperature is predict- 
ed from the temperature of the apparatus. 
[001 5] The present disclosure also relates to a system 
for predicting the temperature under a return electrode 
in a monopolar electrosurgical system and includes a 
detecting apparatus adapted to connect to a power 
source, a comparator configured to compare the change 
in temperature with a threshold value and an alarm circuit 
configured to produce an advisory signal. The detecting 
apparatus also includes an analog circuit having a heat 
generating resistor and a temperature sensor. The heat 
generating resistor and the temperature sensor are typ- 
ically configured to reside in thermal communication with 
one another. The heating and cooling properties of the 
analog circuit are proportional to the heating and cooling 
properties of skin at the return electrode and the detecting 
apparatus is configured to predict skin temperature of 
the patient at the return electrode of the monopolar elec- 
trosurgical system without contacting the patient. The 
alarming circuit alerts the user when the predicted skin 
temperature exceeds the threshold value. 
[0016] In yet another embodiment, the power source 
includes a portable power supply. An advisory signal may 
also be generated when the temperature under the return 
pad is predicted to exceed about a 4 degree temperature 



rise. The system may also be configured to adaptively or 
operatively couple to an existing monopolar electrosur- 
gical system. 

5 BACKGROUND 

1. Technical Field 

[001 7] The present disclosure relates to safety devices 
10 and methods during electrosurgery, and more particular- 
ly the present disclosure relates to devices for detecting, 
determining and/or approximating the probability. of pa- 
tient burn under a return electrode in a monopolar elec- 
trosurgical system. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, illus- 

20 trate embodiments of the present disclosure and, togeth- 
er with the detailed description of the embodiments given 
below, serve to explain the principles of the disclosure. 
[0019] FIG. 1 is a schematic illustration of a monopolar 
electrosurgical system; 

25 [0020] FIG. 2 is a schematic block diagram of an elec- 
trosurgical system including a device for detecting heat- 
ing under a patient return electrode, in accordance with 
the present disclosure; and 

[0021] FIG. 3 is a schematic block diagram further il- 
30 lustrating the device for detecting heating under a patient 
return electrode in accordance with the present disclo- 
sure. 

DETAILED DESCRIPTION 

35 

[0022] FIG. 1 is a schematic illustration of a monopolar 
electrosurgical system. The surgical instrument for treat- 
ing tissue at the surgical site is designated by reference 
numeral 11. Electrosurgical energy is supplied to instru- 

40 ment 1 1 by generator 1 0 via cable 1 8 to produce an elec- 
trosurgical effect (e.g., cut, coagulate, etc.) on tissue of 
patient "A". A return electrode, designated by reference 
numeral 14, is shown placed under patient "A" to return 
the energy from patient "A" back to generator 1 0 via cable 

45 12. Return electrode 14 is typically in the form of a pad 
which is adhesively attached to the skin of patient "A". 
[0023] The area of return electrode 1 4 that adheres to 
patient "A" is important since area affects the current den- 
sity of the signal that heats the tissue. The smaller the 

so contact area between return electrode 1 4 and the tissue 
of patient "A", the greater the current density and heat at 
return electrode 14 and patient tissue site. Conversely, 
the greater the contact area between return electrode 14 
and the tissue of patient "A M , the smaller the current den- 

55 sity and the heat at the return electrode and patient tissue 
site. 

[0024] With reference to FIG. 2, electrosurgical gen- 
erator 10 includes a microprocessor 26, an adjustable 
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power supply 22, such as a high voltage supply, for pro- 
ducing RF current, and an RF output stage 24 electrically 
connected to the power supply 22 for generating an out- 
put voltage and output current for transmission to instru- 
ment 1 1 . Power supply 22 is adjusted by controller 25 
dependent on the calculated probability of patient bum. 
[0025] Microprocessor 26 includes a plurality of input 
ports. One input port is in electrical communication with 
an output current sensor 28 which measures the output 
current of RF output stage 24 being transmitted to patient 
"A". During the surgical procedure, generator 10 is acti- 
vated at set or varying time intervals, with intermittent 
shut down time intervals to allow the tissue to naturally 
cool as the blood flow of patient "A" dissipates heat. 
[0026] Another input port of microprocessor 26 is in 
electrical communication with a device 40 for detecting 
heating under return electrode 14. Device 40 detects 
heating between return electrode 14 and the skin of pa- 
tient "A". Device 40 is desirably operatively couplable 
between return electrode 14 and microprocessor 26 of 
generator 10. 

[0027] As best seen in FIG. 3, heat detecting device 
40 includes at least a pair of resistors 44a, 44b, connect- 
ed in series between generator 1 0 and return electrode 
14. Resistors 44a, 44b are sized to generate heat at a 
rate substantially equal to or substantially proportional to 
the rate of heat generation which would occur at the in- 
terface between the skin of patient "A" and a return pad 
14 properly applied to the skin of patient "A". 
[0028] Heat detecting device 40 further includes at 
least one heat sink, temperature sensor and/or any other 
temperature measuring device 46 configured to measure 
temperature. Temperature measuring device 46 is locat- 
ed in close proximity to resistors 44a, 44b such that tem- 
perature measuring device 46 can sense and/or measure 
a change in temperature of resistors 44a, 44b. 
[0029] By properly sizing and/or selecting appropriate 
resistors 44a, 44b and temperature measuring devices 
46, the cooling effect and/or the heating effect experi- 
enced by the skin of patient "A" can be approximated. In 
other words, as the skin of patient "A" undergoes an in- 
crease (heating effect) or a decrease (cooling effect) in 
temperature, temperature measuring device 46 under- 
goes a corresponding and/or a proportional amount of 
temperature decrease/increase. Although each individ- 
uals threshold for temperature is different, the present 
device would be designed to predict when the tempera- 
ture under the return electrode approaches but does not 
exceed the 6 degrees of temperature rise normally al- 
lowed by the applicable safety standard for the average 
patient. It may be desirable to select 4 degrees rise as 
the alarm point for instance. 

[0030] Temperature measuring device 46 is operative- 
ly connected to a source of power 48, typically a portable 
power supply such as a battery-type source of power 48. 
By providing a battery-type source of power 48, heat de- 
tecting device 40 can be universally used around the 
world, irrespective of the configuration of the electrical 



outlets and the like. Moreover, a battery-type source of 
power 48 enables heat detecting device 40 to be inde- 
pendent and/or stand alone (i.e., heat detecting device 
40 does not have to be plugged into and/or otherwise 
5 connected to a source of power). 

[0031] Heat detecting device 40 can further include an 
alarm circuit 50 operatively connected to (e.g., in electri- 
cal communication with) temperature sensing device 46 
for generating an advising signal when a threshold value 
is reached and/or surpassed. Alarm circuit 50 includes 
low power analog circuitry 50a to extend battery life and 
make device 40 cost effective. Alarm circuit 50 includes 
a comparator 50b in electrical communication with ana- 
log circuitry 50a. In operation, the voltage produced by 
analog circuitry 50a is compared to threshold values sup- 
plied to or present in comparator 50b. 
[0032] Accordingly, if the voltage produced by analog 
circuitry 50a exceeds the threshold value present in com- 
parator 50b, a signal is sent to an alarm 50c to generate 
an advisory signal (e.g., an audible, a visual and/or a 
tactile signal) as a warning to the user. It is envisioned 
that alarm circuit 50 can function as a two step set point, 
wherein a first alarm is activated when the temperature 
is relatively high but not yet high enough to result in pa- 
tient bum, and a second alarm is activated when the tem- 
perature exceeds the threshold values present in com- 
parator 50b to thereby indicate to the user that patient 
burn is possible. 

[0033] Accordingly, since heat detecting device 40 can 
be operatively connected to existing generators and/or 
operatively connected to generators which do not include 
systems for detecting heat generation against the skin 
of a patient; continued use of such generators is possible. 
[0034] While the above description contains many 
specifics, those specifics should not be construed as lim- 
itations on the scope of the disclosure, but merely as 
exemplifications of preferred embodiments thereof. 
Those skilled in the art will envision many other possible 
variations that are within the scope and spirit of the dis- 
closure as defined by the claims appended hereto. 



Claims 

1 . An apparatus for predicting the temperature at a re- 
turn electrode in a monopolar electrosurgical sys- 
tem, comprising: 

a detecting apparatus adapted to connect to a 
power source including: 

an analog circuit configured to sense a 
change in an element wherein the element 
is selected from a group consisting of cur- 
rent, voltage, impedance or temperature, 
and any combination thereof; and 
a comparator configured to compare said 
change to a threshold value; 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 

wherein said detecting apparatus predicts skin 
temperature of the patient at the return electrode 
of said monopolar electrosurgical system with- 
out contacting the patient. 

2. The apparatus of claim 1 , wherein the apparatus is 
operatively coupled between the return electrode 
and the electrosurgical generator. 

3. The apparatus of claim 1 , wherein said power source 
comprises a portable power supply. 

4. The apparatus of claim 1 , wherein said detecting ap- 
paratus further comprises a mechanism to produce 
an advisory signal as a warning to the user. 

5. The apparatus of claim 4, wherein said advisory sig- 
nal is generated prior to conditions which may cause 
patient bum. 

6. The apparatus of claim 4, wherein said advisory sig- 
nal is generated when the temperature under said 
return pad is predicted to exceed about a 4 degrees 
temperature rise. 

7. The apparatus of claim 1 , wherein the apparatus is 
adapted to operatively couple to an existing monop- 
olar electrosurgical systems. 

8. The apparatus of claim 1 , wherein said detecting ap- 
paratus further comprises: 

a heat generating resistor; and 
a temperature sensor; 

wherein said heat generating resistor and said 
temperature sensor are in thermal communica- 
tion. 

9. The apparatus of claim 8, wherein the heating and 
cooling properties of said heat generating resistors 
are proportional to the heating and cooling properties 
of patient skin at the return electrode, wherein patient 
skin temperature is predicted from the temperature 
of said heat generating resistor. 

10. A system for predicting the temperature under a re- 
turn electrode in a monopolar electrosurgical sys- 
tem, comprising: 



8 

thermal communication; 
a comparator configured to compare 
said change in temperature with a 
threshold value; and 
5 an alarm circuit configured to produce 

an advisory signal; 

wherein the heating and cooling properties of 
said analog circuit are proportional to the heating 
and cooling properties of skin at the return elec- 
trode, wherein said detecting apparatus predicts 
skin temperature of the patient at said return 
electrode of said monopolar electrosurgical sys- 
tem without contacting the patient, and wherein 
said alarming circuit alerts the user when the 
predicted skin temperature exceeds the thresh- 
old value. 

11. The apparatus of claim 10, wherein said power 
source comprises a portable power supply. 

12. The system of claim 10, wherein said advisory signal 
is generated when the temperature under the return 
pad is predicted to exceeds about a 4 degrees tem- 
perature rise. 

1 3. The system of claim 1 0, wherein the system is adapt- 
ed to operatively couple to an existing monopolar 
electrosurgical systems. 
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a detecting apparatus adapted to connect to a so 
power source including: 

an analog circuit including: 

a heat generating resistor; and 55 
a temperature sensor; 
wherein said heat generating resistor 
and said temperature sensor are in 
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